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Objectives. This study was performed to assess the prevalence 
of Chiari's network in patients undergoing transesophageal cho- 
cardiography and to determine whether this anomaly is associated 
with other cardiac lesions or is characterized by typical clinical 
findings. 
Background. Chiari's network is a congenital remnant of the 
right valve of the sinus venosus. It has been found in 1.3% to 4% 
of autopsy studies and is believed to be of little clinical conse- 
quence. 
Methods. Video recordings of 1,436 consecutive adult patients 
evaluated by transesophageal chocardiography over a 30-month 
period were reviewed for the presence of Chiari's network. Echo- 
cardiographic contrast studies had been performed in all patients 
with Chiari's network and were compared with those of 160 
consecutive patients without a Chiari net, serving as a control 
group. 
Results. Chiari's network was present in 29 of 1,436 patients 
(prevalence 2%). A frequently associated finding was a patent 
foramen ovale in 24 (83%) of the 29 patients with Chiari's network 
versus 44 (28%) of 160 control patients (p < 0.001). Intense 
right-to-left shunting occurred significantly more often in patients 
with Chiari's network than in control patients (16 [55%] of 29 
patients vs. 19 [12%] of 160 control patients, p < 0.001). Another 
frequent association was an atrial septal aneurysm in 7 (24%) of 
29 patients. The indication for transesophageal chocardiography 
was a suspected cardiac source of arterial embolism in 24 (83%) 
of 29 patients with a Chiari net, 13 of whom (54%) had recurrent 
embolic events. Chiari's network was significantly more common 
in patients with unexplained arterial embolism than in patients 
evaluated for other indications (24 [4.6%] of 522 patients vs. 5 
[0.5%] of 914 patients, p < 0.001). Potential causes for arterial 
embolism were present in 9 of the 24 patients with a Chiari net 
and embolic events (atrial septal aneu~sm in 7, cerebrovascular 
lesion in 2). In 15 (62%) of 24 patients only a patent foramen ovale 
could be identified. Three patients had deep venous thrombosis 
and pulmonary embolism at the time of arterial embolism; none 
had a thrombus detected within the network. 
Conclusions. In patients undergoing transesophageal chocar- 
diography, the prevalence of Chiari's network was 2%, which is 
consistent with autopsy studies. By maintaining an embryonic 
right atrial flow pattern into adult life and directing the blood 
from the inferior vena cava preferentially toward the interatrial 
septum, Chiari's network may favor persistence of a patent 
foramen ovale and formation of an atrial septal aneurysm and 
facilitate paradoxic embolism. 
(J Am CoU Cardiol 1995;26".203-10) 
In 1897, Hans Chiari (1) described 11 cases in which a network 
of threads and fibers was found in the right atrium. These 
reticula were in connection with the eustachian and thebesian 
valves at the orifice of the inferior vena cava and the coronary 
sinus and showed attachments o the upper region of the right 
atrium near the crista terminalis, to the interatrial septum or to 
the tuberculum of Lower. Chiari considered these networks to 
represent congenital remnants of the right valve of the sinus 
venosus, resulting from incomplete resorption of this structure 
during embryonic development (1). Chiari's network has been 
From the II. Medizinische Ahteilung. Allgemcines Krankenhaus St. Georg, 
Hamburg, Germany. This study was presented in part at the 65th Annual 
Scientific Sessions of the American Heart Association, New Orleans, Louisiana, 
November 1992. 
Manuscript received June 24, 1994: revised manuscript received February 24, 
1995, accepted March 2, 1995. 
Address for correspondence: Dr. Birke Schneider, 1I. Medizinische Ab- 
teilung, Allgemeines Krankenhaus St. Georg. Lohmfihlenstral3e 5, 20099 Ham- 
burg, Germany. 
reported in 1.3% to 4% of autopsy studies (2-6) and is 
generally not of clinical significance. However, in rare in- 
stances the network may be the site of thrombosis (1,3-5,7-11) 
or may cause entrapment of right heart catheters and pace- 
maker leads (6,12-14). 
In studies using conventional transthoracic echocardiogra- 
phy the reported prevalence of Chiari's network varies consid- 
erably, ranging from 0.03% to 9.5% (15-21). This striking 
difference is in contrast to autopsy series and may be explained 
by the population studied (adults versus children) and by the 
difficulty of distinguishing between Chiari's network and a 
prominent eustachian valve solely by means of transthoracic 
echocardiography (15). Because of its proximity to atrial 
structures, transesophageal chocardiography provides a high 
resolution imaging technique for atrial pathology. Therefore, 
we reviewed video recordings of a consecutive series of pa- 
tients who had undergone transesophageal echocardiography 
to assess the prevalence of Chiari's network and to determine 
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whether this abnormality is associated with other cardiac 
lesions or is characterized bytypical clinical findings. 
Methods  
Study patients. Over a 30-month period between January 
1990 and June 1992, 1,439 patients underwent transesophageal 
echocardiography. In three patients no adequate views of the 
right atrium could be obtained because of an emergency 
situation. Therefore, 1,436 patients comprised the study group, 
522 of whom (36%) were investigated because of a suspected 
cardiac source of arterial embolism. 
During a 3-month interval in 1991, transesophageal contrast 
echocardiography was performed in a subset of 160 consecu- 
tive study patients (mean [_+SD] age 59 _+ 13 years, range 22 to 
85; 54 women, 106 men) to determine the prevalence of a 
patent foramen ovale in unselectcd patients undergoing trans- 
esophageal echocardiography for various indications (source 
of arterial embolism, n = 64; endocarditis, n : 30; native valve 
disease, n = 25; prosthetic valve, n - 14, aortic disease, n = 11; 
tumor, n = 7; other, n = 9). 
Definition of Chiari's network. According to the initial 
description (1), Chiari's network was diagnosed by transesoph- 
ageal cchocardiography if coarse or fine fibers were observed 
in the right atrium, originating from a eustachian or thebesian 
valve at the orifice of the inferior vena cava or the coronary 
sinus and demonstrating attachments to the upper wall of the 
right atrium or the intcratrial septum. Care was taken to 
differentiate a Chiari net from a large eustachian valve by 
looking carefully for attachments o other parts of the right 
atrium. 
In patients with echocardiographic diagnosis of Chiari's 
network, the hospital records were reviewed for clinical his- 
tory, physical findings and evidence of arrhythmias. All pa- 
tients with a cerebrovascular event were seen by a neurologist 
and were investigated by computed tomography or magnetic 
resonance imaging of the brain, or both, ultrasound examina- 
tion of the cervical arteries and transcranial Doppler, electro- 
cardiography and detailed coagulation studies. Angiography of 
the cerebral vessels had been performed in three patients. 
Peripheral arterial embolism in one patient was proved at 
operation. In three patients with clinically apparent deep 
venous thrombosis, pulmonary, embolism was documented bya 
ventilation/perfusion lu g scan. 
Echocardiography. Transthoracic and transesophageal 
echocardiography was performed in all routine transducer 
positions with a Hewlett-Packard Sonos 500 or 1000 ultrasono- 
graph and a 2.5-MHz transducer for transthoracic and a 
5-MHz monoplane or biplane probe for transesophagcal ex- 
aminations. All images were recorded on S-VHS videotape 
and were reviewed independently b two experienced cchocar- 
diographers in frame-by-frame analysis for presence of Chiari's 
network in the right atrium. 
Echocardiographic contrast studies were performed with 
10 ml of gelatine solution agitated between two syringes 
connected by a three-way stopcock and injected into an 
antecubital vein. In patients with Chiari's network and control 
patients, at least three contrast injections were administered 
(during normal respiration, the Valsalva maneuver and 
cough). A patent foramen ovale was diagnosed if one or more 
bright microbubbles were visualized in the left atrium within 
three cardiac ycles after opacification of the right atrium and 
if no obvious atrial septal defect was identified on two- 
dimensional imaging. Positive contrast studies were further 
graded semiquantitatively according to Webster et al. (22) by 
counting the maximal number of bubbles crossing the inter- 
atrial septum during frame-by-frame analysis: grade I = 1 to 5 
bubbles; grade 2 = 6 to 25 bubbles; and grade 3 (intense left 
atrial opacification) = >25 bubbles appearing in the left 
atrium. 
The following echocardiographic findings were considered 
to represent potential cardiac sources of arterial embolism: 
intracardiac thrombus, tumor, spontaneous echo contrast, left 
ventricular wall motion abnormalities, infective ndocarditis, 
prosthetic cardiac valve, mitral stenosis, massive mitral annulus 
calcification, mitral valve prolapse, patent foramen ovale or 
atrial septal defect, atrial septal aneurysm and pedunculated 
atherosclerotic aortic debris. For diagnosis of an atrial septal 
aneurysm the criteria proposed by Hanley et al. (23) were used. 
Statistics. Data are expressed as mean value -+ SD. Com- 
parison of continuous variables between groups was performed 
using the unpaired Student t test. Differences between propor- 
tions were assessed by chi-square analysis with the Yates 
correction for small numbers. A p value <0.05 was considered 
statistically significant. 
Resul ts  
Patients with Chiari's network. Chiari's network was 
present in 29 of 1,436 consecutive patients undergoing trans- 
esophageal echocardiography during the study period (preva- 
lence 2%) (13 women, 16 men; mean [_+SD] age 62 ± 7 years, 
range 51 to 72). The indications for performing transesopha- 
geal echocardiography in these patients were as follows: sus- 
pected cerebral embolism (n = 23), peripheral arterial embo- 
lism (n = 1), valvular heart disease (n = 3), atrial fibrillation 
before cardioversion ( = 1) and right heart failure (n = 1). 
The clinical and echocardiographic characteristics of patients 
with Chiari's network are displayed in Table 1. There was no 
significant difference with respect to age and gender between 
patients with Chiari's network and control patients. None of 
the 160 consecutive control patients had Chiari's network, an 
atrial septal aneurysm or atrial septal defect identified by 
transesophageal imaging. 
By transthoracic e hocardiography Chiari's network could 
be visualized in only 8 (28%) of the 29 patients in whom the 
diagnosis was established by transesophageal imaging. In two 
additional patients a large, mobile eustachian valve was seen, 
originating from the orifice of the inferior vena cava and 
extending far into the right atrium. However, the fine threads 
and fibers with attachment to the upper region of the right 
atrium and to the interatrial septum, which are essential for the 
JACC Vol. 26, No. 1 SCHNEIDER ET AL. 205 
July, 1995:203 10 ( 'HIARI'S NETWORK IN ARTERIAL EMBOLISM 
Table 1. Clinical and Echocardiographic Characteristics of 29 Patients With Chiari's Network 
Pt Age (yr)/ PFO Arterial Other Reason 
No. Gender Grade ASA Embolism for AE Arrhythmia Associated Clinical Finding 
1 67/M 2 Nn I >'< TIA CAS No No 
I × STR 
2 72/F 0 No I x TIA CAS No No 
1 x STR 
3 62/M 2 No I x STR No No No 
4 66/F 2 Yes 2 × T1A ASA No No 
5 60/M 1 No Multiple TIA No No No 
6 63/F 3 No 4 × STR No No No 
7 7(I/F 3 No 1 x STR No No DVT, pulm E 
8 68/M 3 Yes 3 x: TIA ASA, MVP No MVP, MR, varicose veins 
9 ~9/M 3 No 3 x TIA No No No 
I × STR 
10 5I/M 3 No 1 x TIA No No No 
11 71/F 3 Yc> 3 :,< TIA ASA No No 
12 55/F 2 No I x STR No No No 
13 64/M 3 No 1 × STR No No Varicose veins, prior DVT 
14 72/F 3 Yes I × per E ASA lnt AF 
15 53/F 2 Yes 1 × TIA ASA No 
16 62/M 3 No 2 × STR No No 
17 54/M I No 2 × STR No No 
18 49/M 3 No 1 x TIA No No 
19 {~2/F 3 Yes I × T1A ASA No 
20 57/M 3 Yes 1 x TIA ASA lnt AF 
21 62/M 3 No 3 × TIA No No 
1 × STR 
22 69/F 3 No 3 x TIA No No 
23 56/M 2 No 1 × STR No No 
24 611/M 3 No 5 ~'< STR No No 
+ pulm E 
DVT, pulm E with int AF 
Myasthenia gravis 
DVT, pulm E 
CAD, CABG 
No 
No 
Varicose veins 
No 
25 62/F Cl No No Chr AF 
26 52/M !l No No - -  Chr AF 
27 58/F il No No - -  Chr AF 
28 69/F II No No - -  Chr AF 
29 64/M 3 No No - -  Int AF 
Varicose veins, prior DVT 
No 
Varicose veins, duodenal 
ulcer 
Aortic stenosis 
MS, MR 
Cardiomyopathy 
MVR, varicose veins 
No 
ASA atrial septal ancuusm: CABG coronary artery bypass graft: CAD = coronal3,' artery, disease; CAS - 
cerebral artery stem)sis: Chr (lnt) AF chronic (intermittent) atrial fibrillation; DVT deep venous thrombosis; F = 
female; M - male: MR = mitral regurgitation; MS - mitral stenosis; MVP = mitral valve prolapse; MVR = mitral valve 
replacement; PFO patent foramen ovale: per E peripheral arterial embolism; PI patient; pulm E pulmonary. 
embolism: STR stroke; TIA = transient ischemic attack. 
diagnosis of a true Chiari net, could be identified only on 
transesophageal imaging. In a review of all transthoracic 
echocardiograms performed in our laboratory' during the last 
year of the study period (July 1991 to June 1992), an abnor- 
mally large, highly mobile, fenestrated eustachian valve was 
detected in 124 of 4,121 adult patients (prevalence 3%). A 
clear-cut Chiari net with connections to other parts of the right 
atrium was identified in only six patients (prevalence 0.15%). 
Five of these patients with diagnosis of Chiari's network by 
transthoracic echocardiography ad also undergone aclinically 
indicated transesophageal study. The sixth patient was evalu- 
ated by surface echocardiography only because of a ventricular 
septal defect and demonstrated a patent foramen ovale on 
contrast imaging. 
Morphologic appearance of Chiari's network. Chiari's net- 
work had a variable appearance, ranging from a few thin fibers 
to membrane-like structures in the right atrium (Fig. 1). In all 
cases the network was highly mobile, with an oscillating or 
whiplike motion pattern during each cardiac cycle. 
In 23 (79%) of 29 patients Chiari's network was associated 
with a large eustachian valve. A thebesian valve at the orifice of 
the coronary sinus was present in one of these patients. The 
sites of attachment were multiple, including the upper region 
of the right atrium (n = 15), the interatrial septum (n = 25), 
the lateral wall of the right atrium (n = 13) and the tricuspid 
valve area (n = 5). Thrombus-like material in the network 
could not be detected in any of the patients. 
Association with a patent foramen ovale. By contrast echo- 
cardiography with use of provocative maneuvers, a patent 
foramen ovale was detected in 24 (83%) of 29 patients with 
Chiari's network compared with 44 (28%) of 160 control 
patients (p < 0.001). The prevalence of a patent foramen ovale 
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Figure 1. Transesophageal image of Chiari's network (horizontal view, 
Patient 1). Top, Lower level of the right atrium (RA) demonstrating a 
large, fenestrated eustachian valve (<<) and thin threads (>>) 
inserting at the tricuspid valve area. Bottom, Upper level of the right 
atrium showing athicker band parallel to the interatrial septum (>>) 
and three fibers with attachment to the upper wall of the right atrium 
(>>). LA - left atrium; LVOT - left ventricular outflow tract: RV = 
right ventricle. 
was similar in control patients with or without a history of 
arterial embolism (17 [27%] of 64 patients vs. 27 [28%] of 96 
patients, p = NS). However, in patients with Chiari's network, 
a patent foramen ovale was significantly more common in 
those with (23 [96%] of 24 patients) than in those without 
arterial embolic events (1 [20%] of 5 patients, p < 0.001). 
A patent foramen ovale with intense right-to-left shunting 
of grade 3 (Fig. 2) occurred significantly more often in patients 
with Chiari's network than in control patients, both at rest (9 
[31%] of 29 patients vs. 4 [2.5%] of 160 patients, p < 0.001) 
and during provocative maneuvers (16 [55%] of 29 patients vs. 
19 [12%] of 160 patients, p < 0.001). The difference remained 
highly significant for control patients with and without arterial 
embolism (Fig. 3). 
Association with an atrial septal aneurysm. An atrial 
septal aneurysm was identified in 7 (24%) of 29 patients with 
Chiari's network (Fig. 4). All of these aneurysms were associ- 
ated with a patent foramen ovale. Among the 1,436 patients 
undergoing transesophageal echocardiography during the 
study period, 33 patients (2.3%) were diagnosed as having an 
atrial septal aneurysm, and 7 (21%) of these 33 had an atrial 
septal aneurysm in association with Chiari's network. 
The network was significantly more common in patients 
with an atrial septal aneurysm (7 [21%] of 33 patients) than in 
patients undergoing transesophageal echocardiography who 
did not exhibit his atrial septal abnormality (22 [1.6%] of 1,403 
patients, p < 0.001). 
Association with arterial embolism. In 24 (83%) of 29 
patients with Chiari's network, transesophageal chocardiog- 
raphy had been performed because of a suspected cardiac 
source of arterial embolism (transient ischemic attack or 
stroke, or both, n = 23; peripheral arterial embolism, n = 1) 
(Table 1). A history of recurrent cerebrovascular events was 
present in 13 (57%) of the 23 patients with suspected cerebral 
embolism: 5 patients had two events, 3 patients had three 
events, and 5 patients had four or more events. The time 
interval between two events ranged from 1 week to 18 years. 
A patent foramen ovale was diagnosed in 23 (96%) of 24 
patients with Chiari's network and arterial embolism (Table 1). 
Clinically apparent deep venous thrombosis and documented 
pulmonary embolism in close relation to their arterial embolic 
event were present in 3 of the 23 patients with a patent 
foramen ovale. In addition, five patients had marked varicose 
veins, two of whom had a previous history of deep venous 
thrombosis or pulmonary embolism. All together, 8 (35%) of 
the 23 patients with arterial embolism and a patent foramen 
ovale had obvious clinical problems of the peripheral venous 
system. 
A thrombus within the network could not be identified in 
any of our patients. However, median time delay between the 
last arterial embolic event and the transesophageal study was 
14 days (range 3 days to 18 months). Meanwhile, the great 
majority of patients had been treated by anticoagulant therapy. 
Other potential causes for their embolic event were present 
in 9 of the 24 patients with arterial embolism. Two patients had 
a stenosis >50% in the internal carotid or vertebral artery 
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F igure  3. Patent foramen ovale (PFO) with intense left atrial opaci- 
fication (grade 3) is significantly more common in patients with a 
Chiari net than in control patients with (AE+) and without a history 
of arterial embolism (AE-), both at rest (top) and during Valsalva 
maneuver or cough (bottom). 
Figure 2. Chiari's network with a patent foramen ovale (Patient 21). 
Top,  Vertical biatrial view showing anetwork in the right atrium (RA) 
with attachment to the limbus of the fossa ovalis. Bottom, Horizontal 
biatrial view after intravenous contrast injection, demonstrating in- 
tense left atrial (LA) opacification (grade 3). 
detected by duplex ultrasound and angiography. In one of 
these patients the foramen ovale was closed. In the other 
patient with a patent foramen ovale the neurologic deficit 
involved a vascular territory different from that suggested by 
duplex ultrasound. Seven patients had an atrial septal aneu- 
rysm with a patent foramen ovale. In two of these patients 
intermittent a rial fibrillation may also have contributed to the 
arterial embolic event; however, active pulmonary embolism 
was the cause of atrial fibrillation in one of these patients 
(Table 1, Patient 14). In patients with Chiari's network, atrial 
fibrillation was documented significantly more often in patients 
without han with a history of arterial embolism (5 of 5 patients 
vs. 2 of 24 patients, p < 0.001). In 15 (62%) of 24 patients no 
other potential cause for arterial embolism except a patent 
foramen ovale in association with Chiari's network could be 
identified. 
Chiari's network was significantly more common in patients 
undergoing transesophageal chocardiography because of un- 
explained arterial embolism (24 [4.6%] of 522 patients) than in 
patients evaluated for other indications (5 [0.5%] of 914 
patients, p < 0.001). 
Discuss ion  
To our knowledge, the present series of 29 patients with 
Chiari's network diagnosed by transesophageal chocardiogra- 
phy represents he largest cohort of patients with this anomaly 
studied to date. The largest number of patients tudied up to 
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Figure 4. Chiari's network in association with an atrial septal aneu- 
rysm (ASA) (Patient 20). Top, Atrial scptal aneurysm protruding into 
the right atrium (RA) and Chiari's network with thin fibers (arrowsl 
connected to the upper egion of the right atrium. Bottom, Trans- 
esophageal contrast cchocardiography demonstrating i tense lcfl 
atrial (LA) opacification. AV aortic valve. 
now has bcen 11 to 12 in autopsy series (1,6) and 16 to 21 in 
transthoracic e hocardiographic studies (16,17,21,24). 
Prevalence of Chiari's network. Chiari's nctwork has been 
found in 1.3% to 4% of autopsy studies (2,3,5.6). However, the 
number of cases in each study has been fairly small. If the 
results of these four reports (2,3,5,6) are combined, a Chiari 
net was present in 26 of 1380 autopsy studies, yielding a 
prevalence of 2.2%. This figure corresponds closely to the 
prevalence of 2% (29 of 1,436 patients) in the present study by 
transesophageal chocardiography. 
By transthoracic e hocardiography Chiari's network could 
be diagnosed in only 8 of the 29 study patients. In two ad- 
ditional patients transthoracic echocardiography disclosed a 
large, highly mobile, fenestrated eustachian valve. However, 
the fine attachments to other parts of the right atrium, meeting 
the criteria of Chiari's network, were identified only by trans- 
esophageal imaging. Therefore, the results of the present study 
suggest that transesophageal echocardiography is superior to 
transthoracic echocardiography in identifying Chiari's network 
and in differentiating this structure from a merely mobile, 
fenestrated eustachian valve. Many autopsy studies have 
stressed the importance of discriminating Chiari's network 
from a large, net-like Eustachian valve by looking for connec- 
tions to the upper region of the right atrium or to the 
interatrial septum (1-6,25,26). In contrast, most echocardio- 
graphic reports require only a highly mobile, curvilinear struc- 
ture with origin from the inferior vena cava as diagnostic of a 
Chiari net (16,19-21,24), although according to pathologic 
criteria this finding would instead represent a large Eustachian 
valve. Only three studies using transthoracic e hocardiography 
made a clear morphologic distinction between these two 
entities (15,17,18). The prevalence of Chiari's network in these 
reports ranged from 0.03% to 1% in adults and was 1.3% in 
children, whereas alarge, netlike Eustachian valve was present 
in 3.9% of the patients (18), which is consistent with autopsy 
findings (6,25,26). Our results obtained by transthoracic e ho- 
cardiography in adult patients correspond with these previ- 
ously published ata. 
Association with an interatrial communication. Contrast 
echocardiography in all patients with Chiari's network de- 
tected an interatrial communication with right-to-left shunting 
in 83%. Because no morphologic defect of the atrial septum 
was identified by transesophageal imaging, we classified the 
positive contrast study results as representing a patent foramen 
ovale. Patients with Chiari's network, therefore, had a signifi- 
cantly higher prevalence of a patent foramen ovale than 
control patients. The prevalence of 28% observed in our 
control group is in accord with autopsy findings (6,27,28) and 
with recent studies using transesophageal contrast echocardi- 
ography (29-31). Intense right-to-left shunting during normal 
respiration was present in a high proportion (31%) of patients 
with Chiari's network. In the absence of right atrial hyperten- 
sion in the majority of our patients, this finding may indicate 
either a larger diameter of the patent foramen ovale (22,32) or 
a streaming effect within the right atrium with orientation of 
blood flow preferentially toward the interatrial septum (33). If 
we had used the femoral vein instead of an upper extremity 
vein for contrast injections, we might have seen an even higher 
proportion of patients with intense right-to-left shunting, as 
previously described (33,34). 
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The association between Chiari's network and patent fora- 
men ovale or a small atrial septal defect has frequently been 
observed in autopsy series (1,3,5,7,10,35-40), at operation 
(13,41) and during transthoracic as well as transesophageal 
echocardiography (10,16-18,42-44). However, in none of 
these reports was the presence or absence of an interatrial 
communication evaluated systematically. Accordingly, the high 
prevalence of a patent foramen ovale in our study cannot be 
compared directly with the results of previous reports. Because 
a selection bias may have been introduced into this retrospec- 
tive review of patients undergoing transesophageal chocardi- 
ography, the possibility can not be excluded that patients with 
an interatrial communication are overrepresented in our study 
population. 
Association with an atrial septal aneurysm. Although pre- 
vious reports did not give special emphasis to this observation, 
an association between Chiari's network and atrial septal 
aneurysm has been described at autopsy (36,37) and in other 
echocardiographic series (19,24,43,44). The present study dis- 
closes a high prevalence of Chiari's network in patients with an 
atrial septal aneurysm. Our rate of 21% is comparable to the 
19% reported in a recent study using transesophageal cho- 
cardiography (43). 
Atrial septal aneurysm has been attributed to a congenital 
connective tissue defect, leading over time to degeneration a d 
weakening of the interatrial septum with subsequent aneurysm 
formation (45,46). The combination of Chiari's network and 
atrial septal aneurysm, therefore, may be merely coincidental. 
However, atrial septal aneurysm has also been observed in 
patients with a large eustachian valve (47,48). Additional 
studies are required to further clarify these observations. 
Association with arterial embolism. The present study 
demonstrates a very high prevalence (83%) of arterial embolic 
events in patients with Chiari's network. Although this prob- 
lem has received little attention i  previous tudies, there are 
several reports on cerebral or peripheral embolism in autopsy 
series (2,4,5,8,35,37) and in echocardiographic reviews 
(16,43,44). However, the results in these studies are merely 
descriptive, and the mechanism by which these arterial embolic 
events occur, and whether they may be related to the presence 
of Chiari's network, has not been discussed. 
In the present study, 96% of the patients with arterial 
embolic events had a patent foramen ovale detected by con- 
trast echocardiography, and 35% of these patients had clini- 
cally apparent problems of the peripheral venous system. 
Paradoxic embolism, therefore, must be strongly considered as 
the mechanism for arterial embolism in these patients. It has to 
be regarded the most probable explanation in the three 
patients with deep venous thrombosis and documented pulmo- 
nary embolism at the time of their arterial embolic event. 
Unfortunately, in autopsy series the deep venous ystem and 
patency of the foramen ovale have not been systematically 
studied in each case, but paradoxic embolism is a possible, 
even probable, mechanism for cerebral and peripheral embo- 
lism in at least five patients evaluated so far (4,5,8,37). Because 
Chiari's network may become the site of thrombosis by either 
primary thrombus formation or entrapment of emboli from 
peripheral veins (1,3-5,7-11), paradoxic embolism may occur 
even in the absence of a peripheral venous source. In the 
present study, in none of the patients could thrombus-like 
material be detected within Chiari's network; however, this 
may have been a result of the long time interval that had 
elapsed between the arterial embolic event and the transesoph- 
ageal echocardiogram in most patients. 
Possible role of Chiari's network in arterial embolism. The 
frequent association of Chiari's network with patent foramen 
ovale, atrial septal aneurysm and arterial embolism observed in 
the present study is in accordance with previous reports and 
suggests that there may be a common underlying mechanism. 
Chiari's network is a congenital remnant of the right valve of 
the sinus venosus, which serves to direct the blood in embry- 
onic life from the inferior vena cava through the fossa ovalis 
into the left atrium (1,3,4,37). If the entire valve persists, cot 
triatriatum dextrum occurs, frequently associated with right- 
to-left-shunting across an atrial septal defect and cyanosis 
(3,37,40,49). Incomplete resorption of the right venous valve 
with fenestrations may result in a veil-like network or rete 
Chiari. This structure isgenerally not of hemodynamic signif- 
icance in terms of right atrial obstruction. However, an embry- 
onic flow pattern within the right atrium may in part be 
maintained during adult life. By directing blood flow from the 
inferior vena cava preferentially toward the region of the fossa 
ovalis, this anomaly may favor persistence of a patent foramen 
ovale and development of an atrial septal aneurysm and 
facilitate paradoxic embolism. 
Study limitations. The current study has several important 
limitations. 1) The number of patients is relatively small, 
limiting the conclusions that can be drawn from our observa- 
tions. However, because Chiari's network is a rare anomaly, it 
has proved difficult to obtain a larger group of patients at a 
single institution. This study, therefore, remains descriptive, 
and our findings require confirmation by a larger multicenter 
trial. 2) Selection bias may have been introduced into this 
retrospective review by the need for a referral diagnosis. 
Unexplained arterial embolism was the indication for trans- 
esophageal echocardiography in one-third of our study pa- 
tients, so the association of Chiari's network with arterial 
embolic events may have been overestimated, and the actual 
incidence may be lower than reported here. 3) Venography of 
the leg veins had not been performed in any of the patients 
with a patent foramen ovale and an arterial embolic event. 
Therefore, the mechanism of paradoxic embolism is specula- 
tive in most cases, and a presumptive diagnosis can be made in 
only three patients with clinically apparent deep venous throm- 
bosis and pulmonary embolism documented by ventilation/ 
perfusion lung scan. However, the main limitation of the 
present study is the lack of surgical or pathologic onfirmation 
of Chiari's network because none of our patients underwent 
right heart surgery or autopsy during the observation period. 
Clinical implications. Chiari's network has been regarded 
a normal anatomic variant hat is rarely of clinical importance. 
However, in association with a patent foramen ovale and deep 
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venous thrombosis, patients with this anomaly may be at a 
higher risk for paradoxic embolization from a streaming effect 
within the right atrium. 
We gratefully acknowledge the superb sccrctarial assistance ofHeike Hofmann. 
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